Isomerization of n-pentane was investigated mainly by pulse technique in the were exchanged by ammine complex ions of palladium or platinum. These catalysts were found to be more selective than palladium or platinum supported on silica gel for n-pentane isomerization to isopentane against hydrogenolysis. Particularly, on Pd/NaY catalysts no hydrogenolysis could be observed, and isomerization took place exclusively. Isomerization selectivity of NaY catalysts containing Pd or Pt was, however, strongly influenced by pretreatment in a stream of air prior to reduction. Palladium or platinum in the zeoso highly dispersed that X-ray measurement could not detect crystals of these metals. Such treatment enhanced hydrogenolysis activity and reduced isomerization selectivity. On the other hand, selective catalysts for isomerization of n-pentane were obtained by reduction of those NaY caof the catalysts pretreated under these conditions formed relatively large sized crystals of Pd or Pt on the outer surface of the zeolite particles.
In order to improve the selectivity of these metals for isomerization of n-pentane, we attempted to examine the ability of palladium and platinum ion-exchanged in zeolite (NaY) . The first intention to use NaY as support was based on the expectation that platinum finely dispersed on AlO4 tetrahedra of zeolitic framework would be cationic (electron deficient) because of the difference in electronegativity between the platinum and oxygen anion and would show high ability to form carbonium ion-like species. Platinum on the Na form of all zeolites was considered to be inactive for isomerization of n-hexane15). Reman et al.23) , however, have recently found that n-hexane is isomerized over a NaY zeolite containing 0.44wt% 3 of platinum.
It is the purpose of the present paper to describe the activity and selectivity of NaY zeolite where part of its Na+ ions is exchanged by Pd or Pt cations and to consider why these catalysts are more selective for n-pentane isomerization than are silica-supported palladium or platinum catalysts.
Experimental

Apparatus
and Procedure Reactions were carried out by use of pulse technique in a microcatalytic reactor, directly coupled with a gas chromatographic apparatus. Carrier hydrogen was purified by diffusion through a Deoxo unit to remove oxygen impurity and through a molecular sieve drier. A dose of 1ul of n-pentane was injected into the hydrogen flow through a serum cap with a microsyringe, after all the products of the preceeding run had been eluted in the course of 20min from the chromatographic column (dimethylsulfolane, 6m and at room temperature).
No unsaturated hydrocarbons were found among the reaction products. The catalyst was held with quartz wool on both sides in the glass reactor tube and was reduced to reaction. 
Materials
The zeolite used in these experiments was a zeolite type Y (NaY, Linde SK 40) with a ratio Si/Al=2.4.
Decationated zeolite (HY) was prepared by replacing 90% of the Na+ ions with ammonium ions using ammonium acetate solution. The platinum on NaY (Pt/NaY) and on HY (Pt/HY) catalysts was prepared by ionexchanging NaY and HY with [Pt ( for the platinum catalyst. The catalytically neutral silica gel used as support was the same as that described previously. These catalysts palladium and platinum were obtained from Nippon Engelhard Ltd.
n-Pentane used in this work was a commercial reagent designated as GR grade (Japan Pure Chemicals, Inc.), and contained no noticeable amounts of impurities by gas chromatographic detection.
Results
The activity of NaY zeolites exchanged by Pd or Pt complex ions for isomerization and hydrogenolysis of n-pentane was determined by pulse technique using hydrogen as a carrier gas. Relations between the total conversion of n-pentane and the weight percent of the noble metals are illustrated in Fig. 1 and 2 for Pd/NaY and Pt/ NaY catalysts, respectively. As shown in these Table 1 . Isopentane was the exclusive product from the reaction on the Pt/HY catalysts. Skeletal isomerization to isopentane was the predominant reaction on the Pd/NaY catalysts. On the other hand, hydrogenolysis to hydrocarbons of lower molecular weights was the preferred reaction over the Pd-silica catalysts. Isomerization and hydrogenolysis occurred concurrently and comparable over both the Pt/NaY and Pt-silica catalysts. Neverthless, the reaction Table 1 Activity and Selectivity of Palladium and Platinum Catalysts over the Pt/NaY catalysts had a higher selectivity for the formation of isomerization product versus hydrogenolysis products than did the reaction over the Pt-silica catalysts. In hydrogenolytic products on all of these catalysts, the quantitative coincidence between methane and butane as well as ethane and propane was evident. The thermal stability of the active sites in Pd/NaY and Pt/NaY catalysts was examined by calcining the catalysts at various temperatures. They were treated at the desired test temperature for 2hr in a stream of air prior to reduction. Typical relationships of the catalytic activity (total conversion) and selectivity to calcination temperatures are shown in Figs. 3 and 4 for Pd/NaY and Pt/NaY catalysts, respectively. Here, selectivity for isomerization (SI) was defined as (conversion of n-pentane to isopentane)/ (total conversion of n-pentane). The treatment drogenolysis activity of both catalysts and reduced the selectivity for isomerization. These cativity for isomerization, even at low conversion levels (less than 10%). Thus, it is certain that this treatment changes not only the number but also the nature of active sites. Such a kind of change in activity and selectivity of Pd/NaY and Pt/NaY catalysts was only observed by treatment in a stream of air, but was not found by treatment in a stream of helium or hydrogen. Physical and chemical states of palladium in Pd/NaY and platinum in Pt/NaY were investigated by X-ray diffraction measurement, thermal gravimetric analysis (tga) and differential thermal analysis (dta). The average particle size of palladium and platinum determined by X-ray analysis is summarized in Table 2 . Calculations for the average particle size were performed on the (111) line of Pd and Pt. The difference in correlation between activity and metal particle size.
The thermal behavior of NaY exchanged by Pd or Pt complex ion was investigated by thermal gravimetric analysis (tga) and differential thermal analysis (dta). Typical results for Pd/NaY and Pt/NaY catalysts are shown in Figs. 5 and 6, respectively. The desorption of physically adsorbed water took place initially and it essentially thermic peak for each sample. 
Discussion
Sodium Y zeolite itself was inactive for both isomerization and hydrogenolysis of n-pentane. Activity was observed when a part of sodium cations was exchanged by ammine complex ions of palladium or platinum and these complex ions were then reduced by hydrogen.
Both palladium and platinum complex ions decomposed at temfirmed by X-ray diffractional, thermal gravimetric and differential thermal analyses.
Furthermore, X-ray diagram of the NaYsupported Pd or Pt selective for isomerization proved that these metals were not finely dispersed but they grew to relatively large sized crystals as readily as those supported on silica.
Recently Kubo et al.26) characterized the particle size and catalytic activity of platinum on NaY (Pt 0.2-0.3%). According to them, platinum in the catalyst calcined in air at lower tem- Reman et al. 23 ) reported that nickel loaded on NaY zeolite showed a little activity for isomerization of n-pentane in the course of hydrogenolysis in contrast with our previous results over nickelon-silica catalyst30) where no isomerization of npentane was observed. Their nickel-on-NaY catalyst poisoned by thiophene was shown to behave similarly to decationated zeolite (HY). As a result, consider that acidic sites play an important role for isomerization in both their and our metal-zeolite systems. Direct evidence for the presence of surface proton on reduced Pd/NaY and Pt/NaY catalysts has been confirmed by the experimental work done in this laboratory on exchange of the proton with deuterium gas. These results will be published subsequently.
From these considerations it is deduced that, at least, part of isomerization proceeds by the co-action of protonic acid sites. As shown in Table  1 , the activity of Pt on NaY catalysts was less than or equal to that of Pt on silica. On the other hand, Pd on NaY catalysts was clearly more active and selective for isomerization of n-pentane than was Pd on silica. Furthermore, Pd/NaY catalysts were found to be much more selective for isomerization than were Pt/NaY catalysts. This may be attributed to the difference in the catalytic activity for hydrogenolysis between palladium and platinum. As mentioned in a previous paper12), palladium metal was considerably less active re than platinum for this reaction. Acidic sites, therefore, may play a more important role in isomerization of n-pentane on Pd/NaY catalysts than they do on Pt/NaY catalysts.
